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Tumor necrosis factor (TNF)-« is not just a proinflammatory cytokine. It has also been proposed to be an immunoregulatory
molecule that can alter the balance of T regulatory cells. Anti-TNF-« therapies have been provided clinical benefit to many patients
and introduced for treating moderate to severe rheumatoid arthritis, Crohn’s disease, and other chronic inflammatory disorders.
However, their use also is accompanied by new or aggravated forms of autoimmunity, such as formation of autoantibodies,
including antinuclear antibodies (ANAs), antidouble-stranded DNA (dsDNA) antibodies, and anticardiolipin antibodies (ACL).
Systemic lupus erythematosus (SLE) is a disease with autoimmune disturbance and inflammatory damage. The role of TNF-« in
human SLE is controversial. Here we review the role of TNF-« in the pathophysiological processes of SLE and the likely effects of

blocking TNF-« in treatment of SLE.

1. Introduction

Systemic lupus erythematosus (SLE) is a multifactorial
autoimmune disease characterized by breakdown of selftol-
erance, B cell hyperactivity, autoantibody production, aber-
rant formation of immune complexes (ICs), and inflamma-
tion of multiple organs [1]. As a pleiotropic cytokine that has
both immunoregulatory and proinflammatory effects [2, 3],
Tumor necrosis factor (TNF)-a was reported to be increased
in SLE and correlated with disease activity [4], and it has
been proposed to contribute to the immunopathogenesis
of SLE [5]. Recently an open-label study showed that anti-
TNF therapy could suppress the local tissue destruction in
SLE, but at the same time, use of anti-TNF-« agent leads
to formation of autoantibodies, including autoantibodies to
double-stranded DNA (ds-DNA) and cardiolipin increased
[6]. As a consequent it was inferred that TNF blockade in
SLE could pose dangers. This paper will focus on the role of
TNF-«a in the pathophysiological processes of SLE and the
likely effects of blocking TNF-« in treatment of SLE.

2. Biology of TNF-«

TNF-a is a pleiotropic cytokine produced by many cell
types, including macrophages, monocytes, lymphocytes,
keratinocytes, and fibroblasts, in response to inflammation,

infection, injury, and other environmental challenges [7].
TNF-« is not only a potent proinflammatory cytokine but
also plays an important role in lymphocyte and leukocyte
activation and migration, fever, acute-phase response, cell
proliferation, differentiation, and apoptosis [8]. TNF-«
exerts its effects through two distinct receptors: TNF recep-
tor 1 (TNFR1) and TNFR2 [9]. Binding of the inherently
trimeric TNF-a to TNFR1 and TNFR2 induces receptor
trimerization and recruitment of several signaling proteins to
the cytoplasmic domains of the receptors. The first protein
recruited to TNFRI1 is TNFR associated death domain
(TRADD), which serves as a platform to recruit at least three
additional mediators, Fas-associated death domain (FADD),
receptor-interacting protein 1 (RIP-1), and TNF receptor-
associated factor 2 (TRAF-2) [9-13]. TNFRI1 transduces
apoptotic and anti-inflammatory signals through the recruit-
ment of FADD and subsequent recruitment and activation
of Caspase 8 then leading to the activation of caspase
cascade; the activation of Caspase 3 executes apoptosis
[13]. TNFR1 also mediates antiapoptotic and inflammatory
responses through the recruitment of TRAF-2 and RIP-1,
which are critical in the activation of nuclear factor-
kappa B (NF-xB), c-Jun NH2-terminal kinase (JNK), and
mitogen-activated protein kinase (MAPK) [14]. On the other
hand, it is known that the occupancy of TNFR2 by TNEF-
a leads to the recruitment of TRAF-1 and TRAF-2 [15].
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TRAF-2 is essential for the process of activation of NF-«B,
JNK, and MAPK, and mediates antiapoptotic and proin-
flammatory effects [16]. Therefore, TNFR2 is involved in
the antiapoptotic and inflammatory effect of TNF-a whereas
TNFRI is involved in both apoptotic/anti-inflammatory and
antiapoptotic/inflammatory signaling. The adapter proteins
such as TRADD, FADD, RIP-1, and TRAF-2 are pivotal
molecules in the apoptosis and inflammatory signal pathway
of TNF-a, they play as ‘bifurcations’ and are indispensable
[17].

TNF-« is both a proinflammatory cytokine and an
immunoregulatory cytokine. TNF-a has differential effects
on B cells, T cells, and dendritic cells, as well as on the pro-
cess of programmed cell death. During the (auto)immune
response, TNF-« acts as a growth factor for B cells and may
promote dendritic cell (DC) maturation but leads to T cell
hyporesponsiveness and to the expression of antiapoptotic
molecules. The latter is very important in the immune
homeostasis: on one hand, TNF-« restrains autoreactive T
cells through the negative regulation of T cell receptor (TCR)
signal transduction and the induction of T cell apoptosis
in the peripheral blood [18]; on another hand, TNF-«
counteracts Fas-mediated apoptosis through the activation
of NF-«kB and the induction of antiapoptotic molecules,
then decreases the stimulation to immune system caused by
apoptosis-derived nucleosome, and inhibits the production
of autoantibody [19]. From the aspect of inflammation, TNF
is induced by IC and promotes inflammation and secondary
tissue destruction; liberation of autoantigens during necrosis
could fuel autoimmunity [19].

By directing its two transmembrane receptors to deliver
signals of cellular proliferation, differentiation, or apoptosis,
TNF-a appears not only to orchestrate acute responses
to infection and immunological injury but also to act
as a balancing factor required for the re-establishment of
physiological homeostasis and immune regulation [20]. The
level, timing, and duration of TNF-« activity are of pivotal
regulatory significance in immune physiology. Aberrations
in any of these factors result in perturbed phenotypes that
depend on a multitude of TNFR-mediated activities, be it
pro-inflammatory, immune activating, or even immunosup-
presive [20].

Within such pleiotropism of functions, blockade of
TNF-« in recent clinical trials of rheumatoid arthritis or
inflammatory bowel disease, although so far impressively
beneficial for the majority of patients, has also led in
some cases to a significant incidence of drug-induced anti-
dsDNA production and lupus and in manifestations of
neuroinflammatory disease [21-23]. TNF-a blocking could
relieve the inflammation induced by TNF-q, at the same time
the immunoregulatory and antiapoptotic effects of TNF-a
could also be blockade which may lead to autoimmunity
[24].

3. TNF-«a Participates in
SLE Pathologic Changes

Disregulated TNF-« production, be it low or high, character-
izes many autoimmune diseases. Recent evidence supports
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a dualistic, pro-inflammatory, and immune- or disease-
suppressive role for TNF-« in these conditions [20]. Because
of the complex genetics of SLE and the tight linkage of the
Tnf gene with the MHC locus, the physiological role of TNF-
a and its adaptors in the pathogenesis of lupus has remained
uncertain [25].

3.1. Aberrant Immunoregulatory Effects of TNF-a in SLE.
In the classic animal model of SLE, the (NZBXNZW)F1
mouse, initial studies demonstrated the benefit of early
recombinant TNF-«a (rTNF-«) administration, or TNF-«
boosting reagents, towards the onset of lupus nephritis but
not on B cell hyperactivity and autoantibody responses [26—
28].

Kontoyiannis and Kollias generated heterozygous
(NZB x B6, 129 Tnf’ )F1 mice, which have reduced TNF-«
production, by crossing NZB mice with TNF-a deficient
mice [25]. (NZB x Tnf’)F1 hemizygous mice developed
enhanced autoimmunity and severe renal disease similar to
the (NZB X NZW)F1 mice. Autoimmune responses were
associated with an early spontaneous increase in serum
levels of antinuclear autoantibodies and hyperproliferating
B cells which readily express anti-dsDNA specificities in
response to polyclonal and T helper stimuli. These findings
demonstrate a physiological role for TNF-« in suppressing
the emergence of autoreactive lymphocytes in the NZB
model and indicate that defective TNF-a function may be
causative of the autoimmune and pathological phenomena
in lupus [25]. Loss of physiological TNF-a production in
an autoimmunity prone background suffices to exacerbate
anti-nuclear autoimmunity and the development of disease
[25]. To that end TNF-a dysfunction may appear epistatic
to the dominance of MHC heterozygosity associated with
lupus autoimmunity [29, 30]. Genetic studies have indicated
that the hypoproducing Tnf” allele derived by the NZW
parent and the H-2d/z heterozygosity of the MHC locus are
dominant contributors to the susceptibility of this model to
autoimmunity [31, 32].

Kollias and Kontoyiannis also showed that TNF-a defi-
cient mice in a mixed B6,129 genetic background (H-
2b/b) had a normal life span and appeared macroscopically
healthy, but they developed mild anti-nuclear autoimmunity
in the form of IgG2b and IgG3 anti-DNA antibodies [20].
In addition, 40% of female mice show mild IgG deposits
on their glomeruli and alterations in glomerular structure
resembling the initial stages of lupus nephritis (LN). In
contrast, clinical symptoms and terminal glomerulonephritis
do not develop [20]. The apparent lack of pathology in
the presence of ensuing autoimmunity can be explained
by the absence of the pro-inflammatory activities of TNF-
a. TNF-a has been indicated to play a dominant role in
mesangial macrophage activation, apoptosis of renal tubu-
lar epithelia, and antiglomerular antibody-induced kidney
destruction [33-36]. Recently, it was demonstrated that anti-
TNF administration suppressed experimental SLE induced
by the injection of human anti-DNA autoantibodies in mice
[37].

Apoptosis (programmed cell death (PCD)) plays an
important role in the homeostasis of the immune response.
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Peripheral blood lymphocytes (PBLs) from SLE patients
exhibit increased spontaneous and diminished activation-
induced apoptosis. Increased spontaneous apoptosis of PBLs
has been linked to chronic lymphopenia and comparted-
mentalized release of nuclear autoantigens in patients with
SLE [38]. The appearance of high numbers of autoreactive
lymphocytes in the peripheral blood of patients with SLE
might be a consequence of defective activation-induced
cell death (AICD) [39]. Kovacs B et al. [40] showed that
permeabilitized lupus T cells displayed significantly lower
amounts of TNF-«a, a functional Fas/Fas-ligand path and
adequate amounts of intracellular TNF-a were needed for
the CD3-mediated T cell death. Prolonged survival of
autoreactive T cells can lead to increased autoantibody
production. Defective activation-induced apoptosis in lupus
would worsen under TNF blockade.

The clinic reports about the levels of TNF-«a in SLE
patients were controversial [41, 42]. In most studies, TNF-«
is found to be markedly increased and appears to be bioactive
in the sera of patients with active SLE, and levels of TNF-
a have been shown to correlate with SLE disease activity
[4, 19]. Our previous study found that SLE patients had
elevated plasma levels of TNF-a as compared to controls,
however there was no correlation with disease activity [43].
Goémez D et al. have showed that TNF-a levels and the
TNE/IL-10 ratio were higher in patients with inactive disease
compared with patients with very active disease and controls,
suggesting that TNF-a could be a protective factor in SLE
patients [42].

HLA-DR2- and DQwl-positive donors frequently exhibit
low production of TNF-a whereas DR3- and DR4-positive
subjects show high levels of TNF-a production [44]. DR2,
DQwl-positive SLE patients show low levels of TNEF-
o inducibility; this genotype is also associated with an
increased incidence of LN [44]. DR3-positive SLE patients,
on the other hand, are not predisposed to nephritis, and
these patients have high TNF-« production. DR4 haplotype
is associated with high TNF-« inducibility and is negatively
correlated with LN [44]. These data suggested that low TNEF-
a production may be involved in the genetic predisposition
to LN, similar to the (NZB X NZW)F1 LN model system
[45] and may help explain the association between HLA-
DR2/DQw! and susceptibility to LN. However, a substantial
portion of SLE patients are DR3 associated; clearly these
patients do not have low TNF-a production, similar to
MRL-lpr/lpr and BXSB mice, which also show high levels
of TNF-a production [44]. This result suggests that SLE is
not a single condition but rather can be subdivided into at
least two subsets: one associated with DR2/DQwl increased
susceptibility to LN and low TNF-a production; the other
associated with DR3 and high TNF-« production associated
with lupus without nephritis [44].

Although TNF signaling adaptors are quite important in
the function of TNF-q, the roles they play in the pathogenesis
of SLE are not clear by now. In our previous study, we
demonstrated that the expression of TRADD, FADD, RIP-
1, and TRAF-2 in PBMCs from SLE patients significantly
decreased as compared with healthy control subjects [46].
These data pointed to that aberrant proapoptotic signals,

antiapoptotic signals, and proinflammatory signals of TNF-
a pathway may involve in the immunopathogenic injury in
SLE. These findings are consistent with the studies done
by K. Maas et al. in which they indicated that TRADD
and TRAF-2 in PBMCs of patients were downregulated in
SLE by gene assay analysis [47]. As TNFRI-TRADD-FADD
system leading to apoptotic signaling, the downregulation
of TRADD, FADD in PBMCs from patients with SLE may
promote an anti-apoptotic effect. Defects in expression of
these genes may increase the likelihood that lymphocytes
avoid the normal processes used by the immune system to
eliminate unwanted lymphocytes or to down-regulate an
immune response [48, 49]. If patients carry this autoimmune
gene expression signature, signaling pathways essential for
the maintenance of tolerance may not function properly.
This may permit lymphocytes to escape tolerance and
adopt a prosurvival agenda that increases the likelihood
of autoimmune diseases. TNFR1-TRADD-RIP-1-TRAF-
2 system leads to the anti-apoptotic and inflammatory
signaling [7]. In our previous study, it was showed that
the more severity of the disease, the lower expression of
the three adaptor proteins of TRADD, RIP-1, and TRAF-
2, and it implied that there was less restraint of apoptotic
death [46]. The expression of Caspase 3 was also significantly
upregulated in SLE patients. Self-antigen exposure has been
suggested to occur as a consequence of massive apoptotic
death, this death is accompanied by delayed removal of
apoptotic bodies due to defective phagocytosis of phagocytic
cells [50-52]. These events gave rise to a large number of
nucleosomes and intracellular proteins circulating in the SLE
sera 33, 35], which indicate that there was massive apoptotic
death. Development of autoantibodies and tissue damage are
predominant in most SLE patients [53]. The dysregulation
of programmed cell death is suggested to be involved in
the generation of autoantibodies. The low expression of
TRADD, RIP-1, and TRAF-2 in PBMCs might be one
of the etiopathogeneses leading to redundant apoptotic
death in SLE patients. Our study indicated that decreased
expression of TRADD, RIP-1, and TRAF-2 mRNA by PBMCs
and restrained TNF-a-induced anti-apoptosis, as well as
advanced lymphocyte apoptosis, may play a role in the
pathogenesis for the loss of immune tolerance and redundant
apoptotic cell death, leading to massive production of
autoantibodies in SLE patients [46]. These abnormalities
may participate in the immunopathogenic injury mediated
by the aberrant TNF-« signaling pathway in SLE.

3.2. Inflammatory Effects of TNF-a in the Pathogenesis of SLE.
TNF-a is the most important proinflammatory cytokine and
a harbinger of tissue destruction, and it is at the top of
a pro-inflammatory “cascade” leading to tissue damage. In
contrast to the complex role of TNF-« in apoptosis and
in immune regulation, its powerful proinflammatory effects
are unequivocal. In the classic lupus model, the MRL/lpr
mice, high TNF-a was found in their serum as well as in
their nephritic kidneys, and both serum and renal TNF-« are
correlated with disease activity [54-56]. Anti-TNF therapy
in MRL/Ipr mice is beneficial [57, 58]. In NZB/W mice,
kidneys with glomerulonephritis contained remarkably high
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amounts of TNF-a, and low dosages of TNF-a administered
in late NZB/W disease accelerated renal damage [59, 60].
TNF-a can be induced by immune complexes and is
locally produced in the immune complex glomerulonephritis
lesions of patients with SLE kidney disease, as it is produced
in the inflamed kidneys of lupus mice [61-64].

To determine whether administration of TNF-« would
accelerate renal injury and mortality, D. C. Brennan
et al. injected murine rTNF-« intraperitoneally into female
NZB/W or C3H/Fe] mice at two doses, 2.0 micrograms or 0.2
micrograms, three times weekly for 2 or 4 months beginning
at 2 or 4 months of age. Administration of the lower dose
of r'TNF-a accelerated renal disease and mortality rate when
treatment was initiated at 4 months of age. At the higher
dose, rTNF-a promoted disease. Treatment administered
from 2—4 months of age did not accelerate renal disease [28].
Overall the data presented above indicate that on the one
hand, early TNF-« is required to suppress autoimmunity but
on the other hand, its presence may aid the development of
renal pathology [20].

T.Takemura et al. have found that TNF-« is clearly
expressed in glomeruli of LN patients, mainly by infiltrat-
ing macrophages but also by endothelial cells, glomerular
visceral epithelium, and mesangial cells (MCs) of all eight
samples with WHO class III and IV LN, while no TNF-
a is detected in healthy kidney tissues [61]. TNF-« is also
found in the interstitium. R. Herrera-Esparza et al. have
analyzed 19 kidney biopsies with class III or IV LN and
demonstrated TNF-a expression in 10 of these biopsies [62].
TNE-a was seen along the interstitial space of the glomerular
loops and in tubular epithelium. TNF-a& mRNA was detected
in six biopsies and seen in tubular epithelium and in
mononuclear cells infiltrating the glomerular loops [62]. It
is interesting that TNF-a was mostly found in samples with
high histological activity indices. M.Aringer and J.S. Smolen
showed that glomerular TNF-« expression was correlated
with histological activity but was largely independent of the
WHO class [19]. The involvement of TNF-« in LN is further
supported by the improvement of LN under TNF-« blocking
therapy (e.g., infliximab) [63, 64]. All these studies indicate
that TNF-a is expressed in LN of all WHO classes and
high TNF-« expression is associated with high histological
disease activity. In our previous study, we found markedly
up-regulated renal expression of TNF-« in class III and
class IV LN by immunohistochemical studies, and the up-
regulation of TNF-a was correlated with increased number
of proliferating cell nuclear antigen (PCNA-)positive cells,
CD68-positive cells and the activity index of renal pathologic
changes [65].

The up-regulated renal TNF-a expression is considered
to play an important role in the activation of local inflamma-
tion and formation of tissue damage. TNF-« is at the top of
inflammation cascade, and the activation of TNF-« signaling
pathway could transmit inflammatory signaling by activation
of NF-«B, which enters the nucleus and activates transcrip-
tion of proinflammatory gene targets such as interleukin-
18 (IL-1f), IL-6, and IL-8 [66]. In inflamed kidneys of
SLE, TNF-« is induced by IC and promotes inflammation
and secondary tissue destruction; liberation of autoantigens
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during necrosis could fuel autoimmunity [19]. The findings
from our previous study are consistent with previous reports
where TNF-« is found to be highly expressed in glomeruli in
all forms of LN [62, 67], and the degree of TNF-« expression
correlates with renal inflammatory activity, as measured by
a histological activity index. In our previous immunohis-
tochemical study, we also found that the renal expression
of TNF-a, TRADD, RIP, and TRAF-2 was markedly up-
regulated in class III and class IV LN, these results suggested
that the proinflammatory effect mediated by TNF-a signal-
ing was facilitated in local tissue [65]. Our study showed
the number of PCNA-positive cells increased markedly in
glomerular endothelial cells, glomerular mesangial cells, and
parietal epithelial cells lining Bowman’s capsule, endothelial
cells in renal interstitial capillaries and larger vessels, and
tubular epithelium in specimens from patients with class I1I
and IV LN as well. This suggested that there is considerable
cell proliferation in these tissues. The increase in the number
of PCNA-positive cells was consistent with the up-regulation
of TNF-a, TRADD, RIP, and TRAF-2, suggesting that the
TNF-a-TRADD-RIP-TRAF-2 signaling could mediate cell
proliferation in LN. We also found that CD68-positive
macrophages were markedly increased in class III and IV LN,
and the up-regulation of TNF-a, TRADD, RIP, and TRAF-
2 correlated with increased number of CD68-positive cells
and the activity index of renal pathologic changes. CD68
plays a critical role of macrophage maturation and thus its
increase would facilitate the enhancement of macrophage-
mediated immune responses such as TNF-a release. The
WHO classification of LN (class I-VI) does not equally
distribute disease activity. For example, when renal sclerosis
occurs in class VI, local inflammatory activity may be less
severe under microscope. Our previous study has apparently
demonstrated that the expression of TNF-a and TNF-«
adapter proteins is independent of the WHO class of LN
[65]. By in vitro study we showed knockdown TRAF-2
by siRNA significantly suppressed soluble aggregated IgG
(AIgG)-induced up-regulation of TRAF-2, IL-1f3, and IL-6.
Meanwhile the cell proliferation was inhibited, and apoptotic
cells were increased. From these results we concluded that
TRAF-2 could induce the proinflammatory and proliferative
effects of soluble AIgG on rat MCs. Thus, TRAF-2 may
represent a future target for therapy of IC-mediated GN
[68].

Our previous study has showed that the expression of
mRNA for TNF-« adapter molecules, such as TRADD, RIP-
1, and TRAF-2, decreased significantly in PBMCs from
patients with SLE, and the expression of these adapters
was negatively correlated with the SLE activity index [46];
but the expression of TNF-a, TRADD, RIP, and TRAF-2
in glomerular and tubular cells was increased in Class III
and IV LN while the increased TNF-a, TRADD, RIP, and
TRAF-2 levels also correlated with the number of CD68-
positive or PCNA-positive cells and renal pathologic severity
[65]. The reason for the remarkable discrepancy in the
expression of TNF-a adapter proteins, TRADD, RIP, and
TRAF-2 in various organic tissues is unknown but may be
related to distinct role and regulating factors of TNF-a and
its adapter proteins in different tissues [65]. This discrepancy
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different tissues may lead to different consequences.

may indicate that TNF-a blocking in distinct tissue could
lead to different consequences (Figure 1).

4. Clinic Trials of TNF-a Blockade in SLE

SLE is an autoimmune disease with inflammatory tissue
damage and TNF-a participates in SLE pathogenesis. As
“TNF is at the top of a pro-inflammatory “cascade”. .. block-
ing just this one of the many pro-inflammatory cytokines
might, by means of its downstream effects, have an important
influence on the complex disease process...” [69], blocking
TNF-a in SLE might be beneficial to SLE patients. There are
several clinic trials about TNF-a blocking in SLE by now, and
the results seem to be not so exciting [6, 70-72].

M.Aringer et al. reported an Open-Label Study in 2004
about the safety and efficacy of TNF-Blockade in SLE [6].
6 patients with moderately active SLE (4 with nephritis and
3 with arthritis refractory to other therapies) were given 4
infusions of 300 mg doses of infliximab, a chimeric anti-
TNF-a antibody, in addition to immunosuppression with
azathioprine or methotrexate. The only significant adverse
events observed were urinary tract infection in 3 patients, 1
of which was accompanied by Escherichia coli bacteremia,
and a prolonged febrile episode of putatively viral origin in 1
of them. These patients had similar infectious conditions in
the past. None of the patients need terminating the treatment
prematurely. Levels of antibodies to ds-DNA and cardiolipin
increased in 4 patients, but this was not associated with a
decrease in serum complement levels, with vascular events
or with flares. In contrast, disease activity declined during
therapy. All 3 patients with joint involvement experienced
remission of arthritis, which relapsed 8-11 weeks after
the last infliximab infusion. In the 4 patients with lupus

nephritis, proteinuria decreased significantly within 1 week
after initiation of therapy and was diminished by >60%
within 8 weeks, remaining at low levels until the end of
the observation period (at least several months). From these
exciting results they concluded that Infliximab did not lead
to adverse events related to increase of SLE activity although
autoantibodies to ds-DNA and cardiolipin increased [6].

In 2008, M.Aringer and J.S. Smolen published another
paper about the changes in autoantibodies occurring in
SLE patients treated with 4 infusions of the chimeric anti-
TNF-«a antibody infliximab [70]. In the open-label safety
study, 7 patients with SLE were treated with infliximab at
weeks 0, 2, 6, and 10 in combination with azathioprine
or methotrexate. Autoantibodies to ds-DNA increased in 5
of 7 patients. Histone, chromatin, and IgM anti-cardiolipin
levels were increased in 4 of 7, 6 of 7, and 4 of 7 patients,
respectively, peaking 4-10 weeks after the last infliximab
infusion, but falling to baseline levels or lower thereafter. In
the in vitro experiments, TNF-a withdrawal after long-term
incubation with recombinant human TNF-« led to increased
percentages of apoptotic cells. These results suggested that
while TNF-a blockade was clinically effective, the majority
of SLE patients treated with infliximab showed an increase in
autoantibodies to nuclear antigens and phospholipids. These
increases were transient and were not associated with disease
flares. These results indicated that increased availability of
apoptotic antigens after TNF-«a blockade may play a role
in the autoantibody formation induced by TNF-« blockade
[70].

In 2009, Uppal et al. reported a pilot study for the
efficacy and safety of infliximab in active SLE [71]. A total
of 46 individuals (27 patients with active SLE and 19 healthy
control volunteers) were studied. Nine patients with SLE
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were allocated to treatment arm and 18 were allocated to
control arm. In addition to conventional treatment, treat-
ment arm received infliximab infusions 3 mg/kg body weight
at 0, 2, and 6 weeks and then q 8 weeks for a total of 24 weeks,
that is, a total of five doses. Four patients from treatment
arm dropped out due to infliximab infusion reaction and 12
patients dropped out from the control arm. The treatment
group showed significantly greater improvement in SLE
Disease Activity Index (SLEDAI). Improvements in several
Health status (SF-36) subscales, patient global assessment
(PGA) of disease activity and Visual Analogue Scale-(VAS-)
Fatigue, were also greater in the treatment group but did not
achieve statistical significance. The mean levels of TNF-q,
soluble TNFR-1 (p55 srTNF-«), and TNFR-2 (p75 srTNF-
«) were higher in the SLE group compared with the healthy
controls but did not change significantly over the study
period. No safety issues with infliximab were seen in this
study. In view of improvement in several SLE parameters and
good safety profile of infliximab, they thought anti-TNF-«
therapy was an interesting candidate approach for treating
SLE [71].

Recently Aringer M. et al. reported a long-term follow-
up study of 13 patients about the adverse events and efficacy
of TNF-a blockade with infliximab in SLE patients [72].
Out of nine patients with LN, six had a long-term response
after four infusions of infliximab in combination with
azathioprine, lasting for up to 5 years. All five patients with
lupus arthritis responded, but this response did not last for
>2 months after the last infusion. One additional patient had
a long-lasting improvement in SLE interstitial lung disease.
No symptoms suggestive of infliximab-induced SLE flares
occurred in any patients. Short-term treatment appeared rel-
atively safe, but one patient developed deep-vein thrombosis
and several infections. Under long-term therapy, two patients
had life-threatening or fatal events, namely, central nervous
system lymphoma and Legionella pneumonia. Retreatment
and treatment without concomitant immunosuppression led
to drug reactions. Their study indicated that short-term
therapy with four infusions of infliximab in combination
with azathioprine was relatively safe and had remarkable
long-term efficacy for LN and, potentially, also interstitial
lung disease. Long-term therapy with infliximab, however,
was associated with severe adverse events in two out of three
SLE patients, which may have been provoked by infliximab
and/or by their long-standing refractory SLE and previous
therapies [72].

Recently E. Soforo et al. have reported 6 women
who developed active SLE satisfying American College
of Rheumatology diagnostic criteria with life-threatening
manifestations after receiving TNF blockade for treatment
of rheumatoid arthritis or psoriatic arthritis [73]. They
thought the mechanism of TNF blocker-induced lupus may
be related to a shift from death by apoptosis to necrosis, the
latter resulting in the release of nuclear debris, a trigger of
ANA production and lupus. They concluded that patients
treated with TNF blockers, especially those with positive
ANA, should be closely monitored for development of SLE
[73]. These data indicated that induction of ANA or pre-
existing high-titer ANA in TNF-treated patients is associated
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with the development of lupus and therefore TNF blockade
is ill-advised in this group of patients.

In summary, TNF-a exerts both deleterious tissue-
damaging effects mainly through its pro-inflammatory
activities and beneficial activities by dampening aggressive
autoimmune responses. SLE is a disease with autoimmune
disturbance and inflammatory damage, so blocking TNF-
« in this autoimmune-prone chronic inflammatory disease
may lead to different outcomes, depending on timing and
duration of treatment.

References

[1] J.J. Manson and D. A. Isenberg, “The pathogenesis of systemic
lupus erythematosus,” The Netherlands Journal of Medicine,
vol. 61, no. 11, pp. 343-346, 2003.

[2] R. M. Locksley, N. Killeen, and M. J. Lenardo, “The TNF and
TNF receptor superfamilies: integrating mammalian biology,”
Cell, vol. 104, no. 4, pp. 487-501, 2001.

[3] H. Wajant, K. Pfizenmaier, and P. Scheurich, “Tumor necrosis
factor signaling,” Cell Death and Differentiation, vol. 10, no. 1,
pp. 45-65, 2003.

[4] M. Aringerl, E. Feierl, G. Steiner et al., “Increased bioactive
TNF in human systemic lupus erythematosus: associations
with cell death,” Lupus, vol. 11, no. 2, pp. 102-108, 2002.

[5] G. Kollias, D. Kontoyiannis, E. Douni, and G. Kassiotis,
“The role of TNF/TNFR in organ-specific and systemic
autoimmunity: implications for the design of optimized *anti-
TNF therapies,” Current Directions in Autoimmunity, vol. 5,
pp. 30-50, 2002.

[6] M. Aringer, W. B. Graninger, G. Steiner, and J. S. Smolen,
“Safety and efficacy of tumor necrosis factor a blockade in
systemic lupus erythematosus: an open-label study,” Arthritis
and Rheumatism, vol. 50, no. 10, pp. 3161-3169, 2004.

[7] V. Baud and M. Karin, “Signal transduction by tumor necrosis
factor and its relatives,” Trends in Cell Biology, vol. 11, no. 9,
pp. 372-377, 2001.

[8] S. Xanthoulea, M. Pasparakis, S. Kousteni et al., “Tumor
necrosis factor (TNF) receptor shedding controls thresholds
of innate immune activation that balance opposing TNF
functions in infectious and inflammatory diseases,” Journal of
Experimental Medicine, vol. 200, no. 3, pp. 367-376, 2004.

[9] D.J. MacEwan, “TNF ligands and receptors—a matter of life
and death,” British Journal of Pharmacology, vol. 135, no. 4, pp.
855-875, 2002.

[10] H. Hsu, J. Xiong, and D. V. Goeddel, “The TNF receptor
1-associated protein TRADD signals cell death and NF-«B
activation,” Cell, vol. 81, no. 4, pp. 495-504, 1995.

[11] H. Hsu, H.-B. Shu, M.-G. Pan, and D. V. Goeddel, “TRADD-
TRAF2 and TRADD-FADD interactions define two distinct
TNF receptor 1 signal transduction pathways,” Cell, vol. 84,
no. 2, pp. 299-308, 1996.

[12] H. Hsu, J. Huang, H.-B. Shu, V. Baichwal, and D. V. Goeddel,
“TNF-dependent recruitment of the protein kinase RIP to the
TNF receptor-1 signaling complex,” Immunity, vol. 4, no. 4,
pp. 387-396, 1996.

[13] A. M. Chinnalyan, K. O’Rourke, M. Tewari, and V. M. Dixit,
“FADD, a novel death domain-containing protein, interacts
with the death domain of Fas and initiates apoptosis,” Cell, vol.
81, no. 4, pp. 505-512, 1995.

[14] K. Wiegmann, S. Schutze, E. Kampen, A. Himmler, T. Mach-
leidt, and M. Kronke, “Human 55-kDa receptor for tumor
necrosis factor coupled to signal transduction cascades,”


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aringer%20M%22%5BAuthor%5D\&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soforo%20E%22%5BAuthor%5D

Journal of Biomedicine and Biotechnology

(19]

(23]

)
X0

Journal of Biological Chemistry, vol. 267, no. 25, pp. 17997—
18001, 1992.

M. Rothe, M.-G. Pan, W. J. Henzel, T. M. Ayres, and D. V.
Goeddel, “The TNFR2-TRAF signaling complex contains two
novel proteins related to baculoviral inhibitor of apoptosis
proteins,” Cell, vol. 83, no. 7, pp. 1243-1252, 1995.

M. Rothe, V. Sarma, V. M. Dixit, and D. V. Goeddel, “TRAF2-
Mediated activation of NF-«B by TNF receptor 2 and CD40,”
Science, vol. 269, no. 5229, pp. 1424-1427, 1995.

Z.-G. Liu, “Molecular mechanism of TNF signaling and
beyond,” Cell Research, vol. 15, no. 1, pp. 24-27, 2005.

H. McDevitt, S. Munson, R. Ettinger, and A. Wu, “Multiple
roles for tumor necrosis factor-a and lymphotoxin alpha/beta
in immunity and autoimmunity,” Arthritis Research, vol. 4,
supplement 3, pp. S141-S152, 2002.

M. Aringer and J. S. Smolen, “Complex cytokine effects
in a complex autoimmune disease: tumor necrosis factor
in systemic lupus erythematosus,” Arthritis Research and
Therapy, vol. 5, no. 4, pp. 172-177, 2003.

G. Kollias and D. Kontoyiannis, “Role of TNF/TNFR in
autoimmunity: specific TNF receptor blockade may be advan-
tageous to anti-TNF treatments,” Cytokine and Growth Factor
Reviews, vol. 13, no. 4-5, pp. 315-321, 2002.

M. Feldmann, E M. Brennan, and R. N. Maini, “Role
of cytokines in rheumatoid arthritis,” Annual Review of
Immunology, vol. 14, pp. 397-440, 1996.

N. L. Sicotte and R. R. Voskuhl, “Onset of multiple sclerosis
associated with anti-TNF therapy,” Neurology, vol. 57, no. 10,
pp. 1885-1888, 2001.

W. J. Sandborn and S. B. Hanauer, “Antitumor necrosis factor
therapy for inflammatory bowel disease: a review of agents,
pharmacology, clinical results, and safety,” Inflammatory
Bowel Diseases, vol. 5, no. 2, pp. 119-133, 1999.

M. Ramos-Casals, P. Brito-Zerén, S. Munoz et al., “Autoim-
mune diseases induced by TNF-targeted therapies: analysis of
233 cases,” Medicine, vol. 86, no. 4, pp. 242-251, 2007.

D. Kontoyiannis and G. Kollias, “Accelerated autoimmunity
and lupus nephritis in NZB mice with an engineered heterozy-
gous deficiency in tumor necrosis factor,” European Journal of
Immunology, vol. 30, no. 7, pp. 2038-2047, 2000.

C. O.Jacob and H. O. McDevitt, “Tumour necrosis factor-« in
murine autoimmune ’lupus’ nephritis,” Nature, vol. 331, no.
6154, pp. 356-358, 1988.

C. Gordon and D. Wofsy, “Effects of recombinant murine
tumor necrosis factor-a on immune function,” Journal of
Immunology, vol. 144, no. 5, pp. 1753-1758, 1990.

D. C. Brennan, M. A. Yui, R. P. Wuthrich, and V. E. Kelley,
“Tumor necrosis factor and IL-1 in New Zealand black/white
mice. Enhanced gene expression and acceleration of renal
injury;” Journal of Immunology, vol. 143, no. 11, pp. 3470-
3475, 1989.

S. Ghatak, K. Sainis, F. L. Owen, and S. K. Datta, “T-cell-
receptor f3- and I-Af-chain genes of normal SWR mice are
linked with the development of lupus nephritis in NZB x SWR
crosses,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 84, no. 19, pp. 6850—6853, 1987.
L. Morel, U. H. Rudofsky, J. A. Longmate, J. Schiffenbauer, and
E. K. Wakeland, “Polygenic control of susceptibility to murine
systemic lupus erythematosus,” Immunity, vol. 1, no. 3, pp.
219-229, 1994.

T. Fujimura, S. Hirose, Y. Jiang et al., “Dissection of the effects
of tumor necrosis factor-a and class II gene polymorphisms
within the MHC on murine systemic lupus erythematosus

(32]

(39]

(42]

(SLE),” International Immunology, vol. 10, no. 10, pp. 1467—
1472, 1998.

Z. S. M. Rahman, S.-K. Tin, P-N. L. Buenaventura et al.,
“A novel susceptibility locus on chromosome 2 in the (New
Zealand Black X New Zealand White)F, hybrid mouse model
of systemic lupus erythematosus,” Journal of Immunology, vol.
168, no. 6, pp. 3042-3049, 2002.

M. Le Hir, C. Haas, M. Marino, and B. Ryffel, “Prevention
of crescentic glomerulonephritis induced by anti-glomerular
membrane antibody in tumor necrosis factor-deficient mice,”
Laboratory Investigation, vol. 78, no. 12, pp. 1625-1631, 1998.
B. Ryffel, H. Eugster, C. Haas, and M. Le Hir, “Failure to induce
anti-glomerular basement membrane glomerulonephritis in
TNFa/f deficient mice,” International Journal of Experimental
Pathology, vol. 79, no. 6, pp. 453-460, 1998.

J. Hikahashi, A. Takayanagi, K. Hishikawa et al., “Overexpres-
sion of truncated IxBa potentiates TNF-a-induced apoptosis
in mesangial cells,” Kidney International, vol. 57, no. 3, pp.
959-968, 2000.

J. S. Duffield, L.-P. Erwig, X.-Q. Wei, E. Y. Liew, A. J. Rees,
and J. S. Savill, “Activated macrophages direct apoptosis and
suppress mitosis of mesangial cells,” Journal of Immunology,
vol. 164, no. 4, pp. 2110-2119, 2000.

R. Segal, M. Dayan, H. Zinger, and E. Mozes, “Suppression of
experimental systemic lupus erythematosus (SLE) in mice via
TNF inhibition by an anti-TNFa monoclonal antibody and by
pentoxiphylline,” Lupus, vol. 10, no. 1, pp. 23-31, 2001.

P. Gergely Jr., C. Grossman, B. Niland et al., “Mitochondrial
hyperpolarization and ATP depletion in patients with systemic
lupus erythematosus,” Arthritis and Rheumatism, vol. 46, no.
1, pp. 175-190, 2002.

W. Emlen, J. Niebur, and R. Kadera, “Accelerated in vitro
apoptosis of lymphocytes from patients with systemic lupus
erythematosus,” Journal of Immunology, vol. 152, no. 7, pp.
3685-3692, 1994.

B. Kovacs, D. Vassilopoulos, S. A. Vogelgesang, and G. C.
Tsokos, “Defective CD3-mediated cell death in activated T
cells from patients with systemic lupus erythematosus: role
of decreased intracellular TNF-«,” Clinical Immunology and
Immunopathology, vol. 81, no. 3, pp. 293-302, 1996.

A. Studnicka-Benke, G. Steiner, P. Petera, and J. S. Smolen,
“Tumour necrosis factor alpha and its soluble receptors
parallel clinical disease and autoimmune activity in systemic
lupus erythematosus,” British Journal of Rheumatology, vol. 35,
no. 11, pp. 1067-1074, 1996.

D. Gémez, P. A. Correa, L. M. Gémez, J. Cadena, J. F. Molina,
and J.-M. Anaya, “Th1/Th2 cytokines in patients with systemic
lupus erythematosus: is tumor necrosis factor «a protective?”
Seminars in Arthritis and Rheumatism, vol. 33, no. 6, pp. 404—
413, 2004.

L.-J. Zhu, C. Landolt-Marticorena, Timothy Li, et al., “Altered
expression of TNFa-signaling pathway proteins in systemic
lupus erythematosus,” The Journal of Rheumatology. In press.
C. O. Jacob, Z. Fronek, G. D. Lewis, M. Koo, J. A. Hansen, and
H. O. McDevitt, “Heritable major histocompatibility complex
class IT-associated differences in production of tumor necrosis
factor a: relevance to genetic predisposition to systemic
lupus erythematosus,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 87, no. 3, pp. 1233—
1237, 1990.

C. O.Jacob and H. O. McDevitt, “Tumour necrosis factor-« in
murine autoimmune ’lupus’ nephritis,” Nature, vol. 331, no.
6154, pp. 356-358, 1988.



(46]

(52]

(58]

(61]

L. Zhu, X. Yang, W. Chen et al,, “Decreased expressions
of the TNF-alpha signaling adapters in peripheral blood
mononuclear cells (PBMCs) are correlated with disease activ-
ity in patients with systemic lupus erythematosus,” Clinical
Rheumatology, vol. 26, no. 9, pp. 1481-1489, 2007.

K. Maas, S. Chan, J. Parker et al., “Cutting edge: molecular por-
trait of human autoimmune disease,” Journal of Immunology,
vol. 169, no. 1, pp. 5-9, 2002.

A. Rosen and L. Casciola-Rosen, “Clearing the way to
mechanisms of autoimmunity,” Nature Medicine, vol. 7, no. 6,
Pp. 664-665, 2001.

D. Balomenos and A. C. Martinez, “Cell-cycle regulation in
immunity, tolerance and autoimmunity,” Immunology Today,
vol. 21, no. 11, pp. 551-555, 2000.

O. Jin, L.-Y. Sun, K.-X. Zhou et al., “Lymphocyte apoptosis
and macrophage function: correlation with disease activity in
systemic lupus erythematosus,” Clinical Rheumatology, vol. 24,
no. 2, pp. 107110, 2005.

A. Devitt, S. Pierce, C. Oldreive, W. H. Shingler, and C. D.
Gregory, “CD14-dependent clearance of apoptotic cells by
human macrophages: the role of phosphatidylserine,” Cell
Death and Differentiation, vol. 10, no. 3, pp. 371-382, 2003.
C. Gabler, J. R. Kalden, and H.-M. Lorenz, “The putative
role of apoptosis-modified histones for the induction of
autoimmunity in systemic lupus erythematosus,” Biochemical
Pharmacology, vol. 66, no. 8, pp. 1441-1446, 2003.

C. Gordon and M. Salmon, “Update on systemic lupus ery-
thematosus: autoantibodies and apoptosis,” Clinical Medicine,
vol. 1, no. 1, pp. 10-14, 2001.

J. M. Boswell, M. A. Yui, D. W. Burt, and V. E. Kelley,
“Increased tumor necrosis factor and IL-1f3 gene expression
in the kidneys of mice with lupus nephritis,” Journal of
Immunology, vol. 141, no. 9, pp. 30503054, 1988.

H. Yokoyama, B. Kreft, and V. R. Kelley, “Biphasic increase in
circulating and renal TNF-a in MRL-Ipr mice with differing
regulatory mechanisms,” Kidney International, vol. 47, no. 1,
pp. 122-130, 1995.

C.-Y. Tsai, T.-H. Wu, S.-F. Huang et al., “Abnormal splenic
and thymic IL-4 and TNF-« expression in MRL-Ipr/lpr mice,”
Scandinavian Journal of Immunology, vol. 41, no. 2, pp. 157—
163, 1995.

Y. Deguchi and S. Kishimoto, “Tumour necrosis fac-
tor/cachectin plays a key role in autoimmune pulmonary
inflammation in lupus-prone mice,” Clinical and Experimental
Immunology, vol. 85, no. 3, pp. 392-395, 1991.

C. K. Edwards III, T. Zhou, J. Zhang et al., “Inhibition of
superantigen-induced proinflammatory cytokine production
and inflammatory arthritis in MRL-Ipr/lpr mice by a tran-
scriptional inhibitor of TNF-a,” Journal of Immunology, vol.
157, no. 4, pp. 1758-1772, 1996.

D. C. Brennan, M. A. Yui, R. P. Wuthrich, and V. E. Kelley,
“Tumor necrosis factor and IL-1 in New Zealand black/white
mice. Enhanced gene expression and acceleration of renal
injury,” Journal of Immunology, vol. 143, no. 11, pp. 3470—
3475, 1989.

T. Nakamura, I. Ebihara, M. Fukui et al., “Renal expression of
mRNAs for endothelin-1, endothelin-3 and endothelin recep-
tors in NZB/I WF1 mice,” Renal Physiology and Biochemistry,
vol. 16, no. 5, pp. 233-243, 1993.

T. Takemura, K. Yoshioka, K. Murakami et al., “Cellular
localization of inflammatory cytokines in human glomeru-
lonephritis,” Virchows Archiv, vol. 424, no. 5, pp. 459-464,
1994.

(62]

[64]

[65]

[66]

(68]

(69]

(70]

<
~

Journal of Biomedicine and Biotechnology

R. Herrera-Esparza, O. Barbosa-Cisneros, R. Villalobos-
Hurtado, and E. Avalos-Diaz, “Renal expression of IL-6 and
TNFa genes in lupus nephritis,” Lupus, vol. 7, no. 3, pp. 154—
158, 1998.

R. S. Flanc, M. A. Roberts, G. E. Strippoli, S. J. Chadban, P.
G. Kerr, and R. C. Atkins, “Treatment for lupus nephritis,”
Cochrane Database of Systematic Reviews, no. 1, Article ID
CD002922, 2004.

M. Aringer and J. S. Smolen, “Tumour necrosis factor and
other proinflammatory cytokines in systemic lupus erythe-
matosus: a rationale for therapeutic intervention,” Lupus, vol.
13, no. 5, pp. 344347, 2004.

L. Zhu, X. Yang, Y. Ji et al., “Up-regulated renal expression of
TNEF-a signalling adapter proteins in lupus glomerulonephri-
tis,” Lupus, vol. 18, no. 2, pp. 116-127, 2009.

A.J. Wu, H. Hua, S. H. Munson, and H. O. McDevitt, “Tumor
necrosis factor-a regulation of CD4*C25" T cell levels in NOD
mice,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 99, no. 19, pp. 12287-12292,
2002.

D. Malide, P. Russo, and M. Bendayan, “Presence of tumor
necrosis factor alpha and interleukin-6 in renal mesangial cells
of lupus nephritis patients,” Human Pathology, vol. 26, no. 5,
pp. 558-564, 1995.

L.-J. Zhu, X. Yang, X.-Y. Li et al., “Suppression of tumor
necrosis factor receptor associated factor (TRAF)-2 attenuates
the proinflammatory and proliferative effect of aggregated IgG
on rat renal mesangial cells,” Cytokine, vol. 49, no. 2, pp. 201-
208, 2010.

M. Feldmann, “Development of anti-TNF therapy for
rheumatoid arthritis,” Nature Reviews Immunology, vol. 2, no.
5, pp. 364-371, 2002.

M. Aringer and J. S. Smolen, “Efficacy and safety of TNF-
blocker therapy in systemic lupus erythematosus,” Expert
Opinion on Drug Safety, vol. 7, no. 4, pp. 411-419, 2008.

S.S. Uppal, S.J. Hayat, and R. Raghupathy, “Efficacy and safety
of infliximab in active SLE: a pilot study,” Lupus, vol. 18, no. 8,
pp. 690697, 2009.

M. Aringer, E Houssiau, C. Gordon et al., “Adverse events
and efficacy of TNF-alpha blockade with infliximab in patients
with systemic lupus erythematosus: long-term follow-up of 13
patients,” Rheumatology, vol. 48, no. 11, pp. 1451-1454, 2009.
E. Soforo, M. Baumgartner, L. Francis, F. Allam, P. E. Phillips,
and A. Perl, “Induction of systemic lupus erythematosus with
tumor necrosis factor blockers,” Journal of Rheumatology, vol.
37, no. 1, pp. 204-205, 2010.



	Introduction
	Biology of TNF-
	TNF- Participates inSLE Pathologic Changes
	Aberrant Immunoregulatory Effects of TNF- in SLE
	Inflammatory Effects of TNF- in the Pathogenesis of SLE

	Clinic Trials of TNF- Blockade in SLE
	References

